The aim of this study was to compare the embryonic developmental rates in the Southern African cattle breeds. To do this, cryopreserved semen straws from Nguni, Bonsmara, and Boran bulls were thawed at 38°C and evaluated for sperm motility characteristics using Sperm Class Analyser (SCA). The fertilizing ability of frozen/thawed sperm was evaluated by performing artificial insemination (AI) and in vitro fertilization (IVF). For AI, superovulated cows were inseminated with frozen/thawed semen and then further evaluated for embryo development. For IVF, oocytes from the respective cows were retrieved using ovum pickup, and then matured. Following maturation, oocytes were co-incubated with semen for 6 h. In the Nguni breeds, the IVF method of embryo production was mildly superior to the in vivo method at the morula stage while the Bonsmara breed revealed the opposite effect at both the morula and blastocyst stages. In the Boran breed, the IVF method was highly superior with the in vivo method at the 8-cell stage while the opposite effect was observed at the blastocyst stage of embryonic development. This study suggests that the Boran breed is less susceptible to loss of embryonic development as compared to the Nguni and Bonsmara breeds.
INTRODUCTION
The success of the Southern African regional beef industries depends on its indigenous cattle beef breeds for their sustainability and competitiveness in the global stage (Morgan et al., 1991; Mckenna et al., 2002; Scholtz and Theunissen, 2010) . Among the Southern African regional indigenous cattle beef breeds, the Nguni, Bonsmara (a composite breed) and Boran have great meat quality attributes, such as, good carcass qualities *Corresponding author. E-mail: mapekam@arc.agric.za.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License with carcass marbling and meat tenderness which are favourable to consumers (Scholtz, 1988; Strydom et al., 2008; Scholtz and Theunissen, 2010) . All these breeds possess survival traits that are suitable for local conditions including tolerance to diseases and harsh environmental conditions. In addition, they possess superior growth and reproductive performance and are outstanding beef breeds (Strydom et al., 2008) .
Despite their superior qualities, instances of costly reproductive failures occur as a result of a number of factors that interfere with conception or cause the loss of foetuses in cycling females (Mokantla et al., 2004) . Artificial insemination (AI) has often been used in our local beef industries to increase production using fresh or frozen/thawed semen (Ferraz et al., 2012) . The in vivo fertilizing capacity of frozen/thawed semen has always been suspect because it is influenced not only by semen quality and fertilizing ability but also by the respective recipient cow fertility related issues (Dalton, 2011) . Hence, the efficiency of in vivo fertilization has become a pressing issue worth investigating in our local beef breeds.
Moreover, the investigation of the in vitro fertilization sufficiency using frozen/thawed semen has revealed variable outcomes in embryo formation and development, due to poor semen quality (Sudano et al., 2013) . It has been previously demonstrated that in frozen/thawed semen about 50% of sperm cells are rendered immotile following thawing and the fertilizing ability of such semen is significantly lower leading to decreased fertilization rates (Watson, 2000) . However, advances in semen cryopreservation technologies, such as, the use of percoll gradient and centrifugation, promises to improve postthaw semen qualities and insemination rates as shown by improved fertilizing rates during AI and IVF (Oliveira et al., 2012) . Others have argued that reactive oxygen species are higher in such semen resulting in poor 2-4 cell and 8-cells embryonic developmental stages and poor blastocyst inner cell mass formations (Oliveira et al., 2012; Arias et al., 2017) .
As a result of these observations, this study was conducted to compare and investigate the embryonic developmental rates in our Southern African Nguni, Bonsmara and Boran beef breeds using in vivo fertilization and IVF as an attempt to address some of the reproductive failures in these breeds. In addition, this study was conducted to establish any relationships or interactions between the semen qualities, embryo production method (AI or IVF) and embryo production rates in these local beef cattle breeds.
MATERIALS AND METHODS

Animals
All animals used in this study are aged between 24 and 36 months and are kept at a quarantine area with access to water at all times. This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Animals under the guidelines of the Agricultural Research Council, Animal Production Institute Animal Ethics Committee (APIEC16/029). Bulls were fed on eragrostis at ad lib. A total of sixty (20 Nguni; 20 Bonsmara; 20 Boran) non-pregnant, healthy cycling cows were used as donors and evenly distributed for two embryo production methods namely, ovum pick-up and embryo flushing. The donor cows were feeding on 7 to 10 kg Lucerne, ad lib Eragrostis, 1.5 kg of Afgri ® embryo concentrate per day.
Evaluation of sperm motility characteristics
A total of 15 bulls (5 Nguni; 5 Bonsmara; 5 Boran) cryopreserved bull semen straws were thawed in warm (38°C) sterile water. Percoll gradient subjected semen was generously supplied by Embryo Plus (Embryo Plus, Brits, South Africa). This percoll gradient and centrifugation were used to separate live and motile sperm cells from the immotile and dead sperm cells and thus enrich the live and highly motile sperm population (Oliveira et al., 2012) . To analyse for semen quality, a drop of about 10 µl semen was placed on a microscopic slide and covered with a microscopic cover slip. Thereafter, motility characteristics such as total motility, progressive motility, non-progressive motility, rapid motility, medium motility, slow and static motility were evaluated using a sperm class analyser (SCA).
AI, superovulation and embryo flushing
A total of 30 donor cows (10 Nguni; 10 Bonsmara; 10 Boran) were superovulated according to the method described by Pontes et al. (2009) with slight modifications on dosage. Briefly, a controlled internal drug release (CIDR ® ) (1.9 g/ml, Pfizer (Pty) ltd., Sandton, Republic of South Africa, RSA) was placed into the vagina of each cow of the three different breeds accompanied by intramuscular (i.m) injection of estradiol benzoate (1 g/ml Pfizer (Pty) ltd., Republic of South Africa) on day 0. An i.m of Cloprostenol Sodium (263 μg/ml, Estrumate ® , Isando, RSA) was administered (i.m) to the cows after CIDR ® removal on day 8 of oestrous synchronization followed by i.m injection of half the original dosage of estradiol benzoate on day 9. Heat was observed with the aid of heat mount detectors on day 9 (Kamar®, RSA). Day 0 was repeated by inserting a new CIDR three days after heat observation. On day 4, two injections of Follicle Stimulating Hormone (FSH), Folltropin-V ® (20 mg, Armidale, Australia) were administered at 12 h intervals initiated for four days on a decreasing dosage, plus two injections of estrumate 12 h apart on the last two days of Folltropin ® . Then cows were inseminated twice (12 and 24 h) after detection of standing oestrous with frozen/thawed semen from Nguni, Bonsmara and Boran bulls. Thereafter, embryo recovery was performed seven days after AI, whereby an epidural anaesthesia (lignocaine) was performed with a standard non-surgical technique to flush the uterine horns using a three way folley catheter. Retrieved embryos from the breeds studied were transferred into an embryo filter containing holding medium and evaluated using a stereomicroscope (Olympus SZ40, Olympus, Japan). Embryos were evaluated for embryo development (2-4 cells, 8-cell, Morula, Blastocyst).
Ovum pickup
Ovum pick up was performed as described by Petyim et al. (2000) with a minor modification. A total of 30 normal cycling donor cows (10 Nguni; 10 Bonsmara; 10 Boran) were restrained in a crush pen then given an epidural injection (Lignocaine) on the head of the tail. Thereafter, the rectum was emptied and the vulva was cleaned thoroughly with 70% alcohol. Following cleaning, the transducer was advanced into the external of the cervix. Thereafter, ovaries were held through the rectum and positioned over the transducer face so that the targeted follicle is transacted by the built in puncture line on the ultrasound monitor, which represented the projected needle path. When the targeted follicles were stabilized on the puncture line, the needle was inserted in the guide and advanced through the vaginal wall and into the follicle antrum. Follicular fluid was then aspirated using continuous negative pressure (about 95 mmHg) then transferred into the laboratory for oocytes searching under the stereo microscope.
IVF and Embryo production
In vitro maturation, fertilization and oocyte culture were done using procedures as described (Huang et al., 2001; Nazem et al., 2016) with slight modification on the use of bovine follicular fluid and hormonal concentrations. Briefly, the cumulus oocytes complexes (COCs) were matured for 24 h in TCM-199 (Gibco, Grand Island, NY) consisting of 10% FBS, 10% follicular fluid, 10 µg/ml Leutenizing Hormone, 1 µg/ml prostaglandin E2 and 1 µg/ml FSH under humidified atmosphere of 5% CO2 at 38.5°C. Following maturation, oocytes were fertilized in 100 µl drops of frozen-thawed percoll gradient subjected semen for 18 h at 38.5°C. Thereafter, oocytes were cultured in synthetic oviductal fluid (SOF) supplemented with bovine serum albumin (BSA) and incubated at 38.5°C in 5% CO2 for seven days.
Embryo staining
Fixing and staining were done based on methods described (Hossaini et al., 2007; Nazem et al., 2016) . Briefly, seven days following culture, a sample of embryos were fixed in 4% paraformaldehyde for 48 h then later stained in 50 µg/mL of Hoechst 33342. Thereafter, embryos were placed individually on a microscope glass slide and covered with a coverslip and then evaluation under fluorescence microscope (Olympus-BX51TF).
Statistical analysis
Cleavage and blastocyst formation data were analysed by ANOVA. Significant differences of the means were measured at (5% level).
Means of the cleavage rates were separated using fishers protected least significant different (LSD) test. This test was only run if there was significance difference following the ANOVA analysis.
RESULTS AND DISCUSSION
Percoll treatment of frozen/thawed semen revealed an improved total motility greater than 70% in all three local breeds. The Boran breed had a significantly (P<0.05) higher total sperm motility (93.2±3.6) compared to Bonsmara (80.7±6.9) and Nguni (75.1±4.2) breeds. Furthermore, Boran had a significant (P<0.05) higher percentage of progressive (39.7±3.4) and rapid (36.1±5.9) motility as compared to other breeds (Table  1) . Despite some donor cows being non-responsive to flushing, the overall oocyte recovery was impressive in all breeds. Hoechst 33342 staining of developing embryo revealed clear developmental stages into the 2-4 cells to blastocyst stages of embryonic development (Figure 1) . The comparison of the in vivo and in vitro embryo production methods revealed the in vivo method of embryonic development was superior in the Nguni breed at the morula stage of embryonic development than the in vitro method of embryo production ( Figure 2) . Also, for the Bonsmara breed, the in vivo embryo production method was superior at both the morula and blastocyst stages of embryonic development (Figure 3 ). In the Boran breed, the in vitro method of embryo production was significantly superior to the in vivo embryo production method at the 8-cell stage of development; however the in vivo method became superior at the blastocyst stage of development (Figure 4) . Interestingly, only the Boran breed revealed a linear progression of embryonic development when the using the in vivo embryonic development method (Figure 4 ). The higher sperm motility observed in the Boran breed cannot account for this positive interaction between the embryo production method and the breed, since it was not observed in the in vitro method of embryo production (Table 1 and Figure 4) .
A comparison of the breed effect on the embryonic developmental stages in embryos produced by either the in vivo or in vitro method revealed that the number of 2-4 cells of the embryonic development was very low with no significant deference among all the breeds (Figure 5) . At the 8-cells stage, the number of produced 8-cells of embryonic developmental stage, only embryos produced in the Boran breed revealed a highly significant number albeit under those embryos produced using the in vitro method of embryo production ( Figure 6 ). At the morula stage of embryonic development, the Boran and Nguni breeds revealed higher number of developing embryos produced under the in vitro method, while the in vivo method produced higher number of morula stage embryos in the Bonsmara breeds (Figure 7) . For the blastocyst stage of embryonic development, only the Boran breed showed significantly high number of blastocysts produced under both the in vivo and in vitro methods of embryo production as compared to the Nguni and Bonsmara breeds (Figure 8 ).
This study suggests that reproductive failures observed in the Nguni breed are likely to occur at the 2-4 cell stage of embryonic development when the in vivo embryo production method is used. However, both the Bonsmara and Boran breeds are likely to progress to the blastocyst stage of embryonic development when the in vivo method of embryo production were used. Ironically, when the in vitro method of embryo production was used, production failures are likely to occur at all stages of embryonic development in all the breeds. This is the first study comparing embryos produced through flushing during in vivo and in vitro fertilization in our local Nguni, Boran, and Bonsmara beef breeds. In this current study, Boran breed presented a high oocyte recovery (18.2±1.7) compared to Nguni (13±0.8) and Bonsmara (11.2±1.6) accompanied by high blastocysts produced in vivo. Moreover, the Boran breed obtained a higher number of 8-cell embryos during the in vitro production which seem to deteriorate at blastocyst stage while the opposite is true in vivo. This could suggest that the Boran breed is likely to have minimal reproductive failures as compared to Bonsmara and Nguni breeds. Overall, the development of embryos produced in vitro was low across all breeds compared to their in vivo counterparts. This study is comparable with the findings of Machatkova et al., (2008) and Lonergan and Fair (2014) who indicated that the development of embryos produced in vitro from oocytes of selected donors and survival of these embryos after cryopreservation was low compared with embryos produced in vivo from superovulated donors.
Furthermore, the study showed that semen from individual bulls may differ in their ability to fertilize oocytes to blastocyst stages after in vitro and in vivo fertilization methods. These findings are in agreement with in vitro fertilization method where semen from different bulls has been used with varying capabilities to fertilize oocytes (Abdel Dayem et al., 2009; Nagy et al., 2015) . Theoretically, the higher the sperm progressive motility is accompanied by higher rates of fertilization in vitro as well as in vivo. Therefore, as previously indicated, production failures could occur since male and breed effect result in variable in vivo and in vitro outcomes in farm animals as previously discussed by others (Mahmoud et al., 2013) .
In conclusion, the Boran breed seems to be superior in embryonic development following in vivo and in vitro production methods. This observation indicates that the Boran breed is less likely to have reproductive failures as compared to Nguni and Bonsmara breeds but is not immune from these failures. Also, there appears to be a relationship between the sperm motility rate and fertilization rate on in vitro and in vivo embryo development in beef cattle, as demonstrated by the Boran breed. Without excluding the failures due to female reproductive factors however, reproductive failures that occur when semen from individual bulls is used during in vivo and in vitro embryo production remains an area of greater interest among researchers. In addition, we recommend that further studies on the follicular waves of these three breeds should be studied to support the oocyte recovery rates and progressive embryonic development which might help address the observed differences.
